The Black Sea has suffered from serious environmental problems during the last three decades due to increasing loads of different types of pollutants from domestic discharges, industrial activities, transportation, agriculture etc. Therefore, finding solutions to improve the environ mental status of the Black Sea is one of the critical issues. Turkey is one of the Black Sea countries, releasing significant amounts of contaminants due to human activities. Reducing the pollution generated from this huge area will contribute to decrease total contamination in the Black Sea. In this paper, the Black Sea hydrological and geographical structure are summarized and available studies on region-wide scale are evaluated. Then an integrated approach for reducing water pollution in the Black Sea is outlined and adopted methodology is introduced based on clarifying the ecosystem structure and its interaction with socioeconomic activities in the Turkish Black Sea Basin
Introduction
The Black Sea has a unique marine environment. It is one of the largest inland seas in the world. The only connection to the world's oceans is the Bosphorus Strait. Due to the natural reasons, the Black Sea enclosed the largest body of permanently anoxic water in the world ( [16] , [15] ). The Bosphorus has two-layer flow, carrying salty seawater to the Black Sea from the Marmara Sea along the bottom layer, and returning mixture of seawater and fresh water to the Marmara Sea from the Black Sea upper layer [11] . Flowing through the Bosphorus, the salty bottom layer water does not mix easily with the fresh upper layer water. In these reasons, the Black Sea has a surface water layer which is about 100 meters depth and much fresher than the water below it. Mixing between these two layers occurs very slowly [16] . This slow mixing does not provide the required oxygen for bacteria and related processes, leading to complete consump tion of the oxygen in the lower layer. Hydrogen sulfide, which is generated by some bacteria, exists in the entire lower layer of the Black Sea. Consequently, around 90% of the sea volume is deprived of oxygen and rich in hydrogen sulfide. Therefore, only the upper 150-200m layer of surface water is capable of marine life activities ( [16] , [2] , [4] ).
The Black Sea is recognized as one of regional seas mostly damaged by human activities. Almost one third of the entire land area of continental Europe drains into it as shown in Figure 1 . It is an area, which contains major parts of seventeen countries (Austria, Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Georgia, Germany, Hungary, Moldova, Slovakia, Slovenia, Romania, Russia, Turkey, Ukraine, Yugoslavia), thirteen capital cities and around 160 million people. Four large rivers which three of them are from Europe the Danube, Dnieper, Dniester and Don rivers, discharge huge amounts of fresh water containing a high level of contami nation into the Black Sea [4] . According to Black Sea Environmental Program (BSEP) [3] , Global Environmental Facility (GEF) [5] , [2] , [12] , [14] ). According to Orhon [11] , the waters of the Bosphorus are stratified with the upper layer comprising low salinity outflow from the Black Sea and the bottom highly saline flow from the Mediterranean. Mixing between the two layers along the Bosphorus and the Bosphorus/Marmara junction is strongly affected by the main features related to the physical oceanography of the area. Large volume of water about 600 km3/year inflow from the Black Sea into the Marmara Sea and about half of this volume (300km3/ year) returns into the Black Sea. Chemical properties of the outflow from the Black Sea surface water through the Bosphorus show remarkable variations with seasons as discussed by Polat and Tugrul, [14] .
Limitation of Studies
The Black Sea six riparian countries, which shared its resources, have committed to prevent, reduce and control pollution of the marine environment of the Black Sea. For this purpose, they drafted their own "Convention for the Protection of the Black Sea Against Pollution" which was signed in Bucharest in 1992. In order to set the goals, priorities and timetables in the basin, "The Ministerial Declaration on the Protection of the Black Sea Environment" was signed in Odessa in 1993. The program, known as the Black Sea Environmental Program (BSEP), is mainly financed under GEF (Global Environmental Facility), managed by UNEP (United Nations Environment Program), UNDP (United Nations Development Program) and the World Bank. According to the program, studies of land based source of pollution have been carried out by all the Black Sea countries, particularly point sources of pollution using existing data and new data collected by questionnaires. Point sources of pollution were analyzed and estimated to the Black Sea coastal region between 1993-1996. The contributions of pollution load from countries were estimated and, necessary actions, treatment technologies and costs were determined in coastal area of each country, mainly related to domestic sources of pollution.
There are many studies, some of them mentioned above, concerning the Black Sea water pollution related to specific issues such as hydrological, biological and chemical properties.
However, these studies did not draw the whole picture of the deterioration of The Black Sea besides there are also some limitation, gaps and uncertainties can be summarized as follows:
The main sources of pollution come from international rivers, national rivers, domestic and industrial discharges, respectively ([1], [2] , [3] , [5] , [15] . However, not all the rivers which influx their water into the Black Sea were covered. All the international river basins except Danube River have not been well known yet in terms of pollutant sources and amounts of load. In addition, there are many national rivers and streams which also contribute huge amounts of pollution flowing to the sea have not been analyzed or considered as an important sources of pollution. Furthermore each sub-basin in the Black Sea entire basin, say national and international river basins have own characteristic ecosystems and drainage structures beside, they have different socioeconomic, cul tural and political systems. Consequently, the sources of pollution generated from each sub basin is not the same. For example, in Turkey there are more than 40 rivers and streams influx to the sea carrying annually 49.81km3 volume of water. Total loads of pollutants in term of common parameters such as BOD (Biological Oxygen Demand), COD (Chemical Oxygen Demand), TP (Total Phosphorus), TN (Total Nitrogen) discharged by Turkish rivers into the Black Sea are quite different (Table 7) than the results found out under the GEF BSEP [4] . It might be noted that, other countries' contributions may also have similar differences, which may change the contribu tions of pollution responsibility among the countries in the basin. Hence, policy approaches and priorities to improve the water quality in the Black Sea might change since the international funds may not be provided forever to address the problem. The sources of the treatment costs, which have not known yet, were calculated for some hot spots such as big cities, industries and wetlands along the Black Sea coastal area [4] regardless the basin that main source of pollution comes due to the rivers. Beside, all riparian countries can be considered as developing countries under transitional economic system. Governments still have a major role on national economy. Economic growth is generally first priority of the nations. Therefore, unlike developed countries, the importance of environmental issues for economic growth is not taken into account seriously in the system. This is why a single policy can not be applied in a linear way. For that reason, it is necessary to study for each basin of the Black Sea ecosystem combined with socio-economic activities related to the environmental changes so as to reach an optimization, where the highest social welfare can be obtained in less harm to the environment of the Black Sea
Current Environmental Situation
The pollution load in the Black Sea marine environment originates from land-based sources through direct discharges of point sources of pollutants and indirectly by the rivers joining to the sea. In this respect, it is very important to determine the loads in order to evaluate their adverse effect in the sea "Black Sea Transboundary Diagnostic Analysis" [4] applied by six coastal countries , the total domestic, industrial and riverine pollution loads of major pollutants such as BOD, TN, TP, TSS (Total Suspended Solid) were presented for each of the six Black Sea countries. The distribution Source: [4] of the pollutant loads for all of the six countries are given in Table 1 . The international and national rivers contribute 85% of the total pollution load in terms of BOD. It is also to be noted that domestic and industrial loads of pollution which include only about 15% of the total BOD load. Furthermore, TSS, TP, and TN loads from international rivers are 90%, 78%, and, 60%, respective ly. This clearly indicates that how it is important to control the loads of pollutants generated from rivers if the pollutants loads are to be reduced. Total pollution load contributed from riparian countries in terms of BOD, TSS, TN, TP is given Table 2 . It can be concluded that the contributions of pollution varies among the countries with the type of pollutant. The total national input of BOD load shared by Turkey and Ukraine is about 61% Almost all the TSS (83%) comes from Turkey and Ukraine (15%). Total N loads from Romania and Ukraine together account for 79%, most of the remaining (16.5%) national inputs come from Turkey. National input of TP account for 75% from Ukraine and Turkey, while Bulgaria and Russia together account for 17% of the total load. The rest of 7% TP shares within Romania and Georgia.
Pollutants Exchange Through the Straits
The exchanges of water through the Bosphorus are the most influential factors in the hydrological and chemical regimes of the Black Sea. The pollutants exchange between the Azov Sea to the Black Sea and the Black Sea to the Marmara Sea through the Kerch and Bosphorus Straits have been calculated in Table 3, ([15] , [4] , [14] ). As can be seen in Table 3 , the TP influx into the Marmara Sea is 12,000 tons/year, while the export from the Marmara Sea is 10,000 tons/ year. That means about 83% of influx turns back to the Black Sea. However, the TN input from the Black Sea is the major source for the Marmara Sea. According to Polat and Tugrul, [14] , the Black Sea input is at least 9 times more than the total loading from Istanbul city and about 64% of TN comes from the Black Sea influx, but only 18% of it returns to the Black Sea. As a result, it is obvious that the main proportion of pollution in the Marmara Sea comes from the Black Sea upper layer influx. This is one of the main environmental issues in the Marmara Sea. Therefore, the action for reducing the pollution in the Marmara Sea can not be fully succeeded without Table 3 . Pollutant exchange through straits
Source: [4] effective measures to reduce the pollution in the Black Sea.
Oil Pollution
Total oil pollution input estimated under the GEF BSEP program is 110,000 tons/year. Danube River contributes 48% of oil load and most of the remaining is introduced from land-based sources through inadequate waste treatment and poor handling of oil, and oil products. Total oil dis charges from the Black Sea countries are 57,404 tons/year, contributes 52% of the total input. Accidental oil spills average is 136 tons/year except illegal discharges from shipping.
Heavy Metal Pollution
Unlike organic pollution, a complete assessment of the heavy metal pollution sources is not well known due to lack of data on the basin except Danube and some other rivers. Through the Danube River alone, 60 tons/year of mercury, 240 tons/year of cadmium, 4,000 tons/year of lead, 900 tons/ year of chromium enter into the Black Sea [13] . However, according to analysis, heavy metal pollution is not basin-wide-problem and Black Sea is not generally polluted by heavy metals [4] . In case of the organochlorine compounds, measurements are scarce and the distribution over the basin is highly uncertain ( [2] , [8] ). Although radioactive substances are also one of the critical issues, it is not taken into account in this paper because of another study area, that needs a very detailed search and analysis to water, fish, sediment, soil and plant in the entire basin.
Turkish Black Sea Basin
Since Black Sea countries have different ecosystem and socio-economic characteristics, and their environmental policies are varied, it is difficult to establish a unique collaboration policy to reduce the water pollution in the Black Sea. However, if one country starts to implement an optimal policy to reduce the contamination taking into account achieving highest social benefits, that will encourage the other countries to take similar steps, then get together to end up with comprehensive policy to improve the water quality of the Black Sea. Turkey is one of the most affected areas by deterioration of water quality in the sea because of its location and also it contributes huge amounts of pollution to the Black Sea generated from Turkish Black Sea Basin ( [21] , [1] ).
Our study area covers Turkish Black Sea Basin is classified and divided into sub basins (zones) according to watersheds, hydrology and geological structure, as shown in Figure 2 and Table 4 . There are six zones in Turkish Black Sea Basin as a whole. Total area of the basin is 246,000km2 Table  5 . It can be concluded from the table that, distribution of the land use pattern is quite different in terms of cultivated area and other lands use in zones. And also we could say that the total industrial and city area which is not included in the table, is the remaining part of the total area for every zone as mentioned in Table 4 . Land use pattern is one of the important issues, which is taken into account for estimating the pollutant flows into the Black Sea from each zone using productions and/or other related factors formulated in a model Agriculture activities in zones (Table 6 .) are mainly on the crop production. Zones 1, 3 and 4 are the most productive areas in the basin since approximately 30% of the crop is produced by these three zones. The basin in general is productive for farming, which can produce almost all kind of agricultural products. For example, all the tea is produced by Zone 5 and Zone 6 in Turkey because of their land structures and climatic properties that almost all season is rainy, which is essential for tea plantation.
Animal raising in the basin is another important economic activity, which is separated from the agricultural farming to find out the contributions of pollutants generated from livestock production. 
Total Pollution in the Basin
We estimate the total amounts of pollutants flowing into the Black Sea using official data provided by State Hydraulic Works and Administration of Electricity Works [9] belong to Ministry of Energy and Natural Resources in Turkey. as shown in Table 7 The estimation method is a simple statistical one. In Turkey almost all rivers and streams are monitored by the governmental organizations as mentioned above. The second column in Table 7 shows average annual volume of water discharged by rivers and/or streams into the Black Sea by each basin monitored for more than 20 years. Here we use only 2 years (1999-2000) data for every river at the closest monitoring station to the sea. The amount of river water flowing to the sea is multiplied by concentration of pollutants such as TN, TP, COD and TSS as shown in the other columns. However, there are some rivers and streams in Zone 2 and 5 having no efficient data related pollutants. Therefore, we assume some parameters for concentration of pollutants which are considered to have similar characteristics of other rivers located in the same zone. Zones 1, 3, 4 and 6 have only one main river reaching to the sea, although there are many rivers and streams join to the main river in their zones. In addition, in Zone 6, the main river is an international river, which has totally 466-km length, 442km area is located in Turkey's territory passing throughout Georgia to the Black Sea. Zone 5 has the highest volume of water among the others. In this zone there are about 20 rivers and streams flowing into the Black Sea. In case of Zone 2, which is the second biggest basin in terms of the volume of water, there are also more than 15 rivers and streams flowing directly into the Black Sea. These two zones occupy almost all the Black Sea coastal area (90%), which receive rainfall all seasons showing one of the reasons of total volume of water being higher than other zones.
According to a project "Pollution Research in Turkish Black Sea Coast" carried out by Ministry of Environment in 1993 [10] , almost all the rivers and streams flowing into the Black Sea are polluted in terms of BOD, COD, TN, TP and TSS. The water in rivers somehow is clean in Table 8 . Classification of water some areas in their basin. However, discharging point into the Black Sea, rivers and streams are third and fourth class of water according to classification of "Water Pollution Control Regulation" that inland waters are classified as Class I, Class II, Class III and Class IV water is shown in Table  8 .
If the concentration of parameter in the river or stream is lower than the standard given for Class I and Class II, water is considered unpolluted water. If the measured concentration of parameter is higher than the standard given for Class II water, the river or stream is marked as polluted water with that parameter [22] . It is clear in the Table 7 that except Zone 6, the others are polluted. The contribution of pollutant from sources to rivers in the basin is not well known except coastal area, where wastewater discharge directly into the Black Sea. What is known here that there is no efficient treatment plant even in some big cities; almost all the towns and most of the industries in the basin. This clearly indicates that how important is to study on basin scale, that is essential to find out the sources of pollutants and their contributions due to socio economic activities so as to find out the solution without ignoring socioeconomic structure and other priorities 5.2.1 Direct Discharge to the Black Sea Considerable amount of pollution flows into the sea from coastal direct discharge. There are six cities located coastal area called as hotspots. In addition, there are also more than 30 towns located coastal area, the total population of the coastal area is 1.5 million estimated in 1997 census year. We estimate the total domestic source of pollution discharged directly to the sea in coastal area, using WHO "Rapid Inventory Techniques for Environmental Pollution" [26] . We assume the lowest load factor in estimating for all the parameters using number of population. For example for BOD load factor is used as 45g/head/day.
There are about 24,000 tons BOD, 37,000 tons COD, 36,000 tons TSS, 3,100 tons TN and 310 tons TP in a period of year loads directly entering to the sea.
Domestic Sources of Pollution
In the basin the number of municipalities, states of sewerage network and wastewater treat ment are shown in Table 9 . There are 933 municipalities located in the basin, 77 municipalities have sewerage network. In case of treatment plant, it is only 1% of municipalities have treatment plant implying domestic sources of pollution are formed as a dominant factor in the basin 5.2.3 Industrial Sources of Pollution Industrial sources of pollution, states of treatment and amount of water discharged to water resources in the basin is shown in Table 10 .
In this table the state of treatment in five categories shown in the second column and receiving water bodies in the other columns. It can be stated from the table that Industrial wastewater is discharged mainly to sewerage network and/or stream without any treatment.
Pretreatment is not enough if there is no treatment plant in the city sewerage system. Zones 1, 3 and 4 have also considerable amount of industrial wastewater discharged to land, therefore agricultural products may contain some residual substances, which are highly dangerous for human and natural environ It is very difficult to analyze the water from huge amounts of industries in the basin. However, some model can be applied to estimate the pollutants using a load factor for each industry.
Non-Point Source of Pollution
It is widely known that agricultural activities and animal raising are main non-point sources of pollution. Nutrient transport from land use activities reflects within the basin such as water shed, meteorological and hydrological conditions and moreover, type of soil, irrigation systems, kind of production, amount of fertilizer are applied etc. In the basin there is no specific study on agricultural pollution. However, nitrogen in the soil formed as nitrate (NO3-N) is easily transport ed to water that is known from agricultural activities. Concentration of nitrate in water gives an indicator of agricultural source of pollution. In case of the basin, nitrate concentration in many rivers is not very high (0.1-5mg/l). However, NH3-N, and NO2-N concentrations in water are mainly originated domestic discharges and agricultural activities, which are generally over the standards in Water Pollution Regulation in Turkey.
Integrated Approach
In order to set a comprehensive policy to achieve a sustainable balance between environment and socioeconomic activities, it is necessary to analyze the interactions between environment and varieties of human activities in the entire basin. To understand the interaction between ecosystem and socioeconomic activities, at first two types of fundamental information is necessary ( [23] , [24] ) as focused on coastal management, and ( [6] , [7] ) on lake basin dynamic modeling (1) Calculations of biogeochemical flows in the basin system, including network of rivers, land use, land cover, industry etc. and (2) To estimate the current situation and continuous simulations of process in the basin system, which can be used to assess the result of environmental change, and produce forecasts of future flows in formulating as an ecosystem model, integrated with socioeconomic structure. Therefore, it can be find out providing a determination of pressing effects of socioeconomic changes such as, for example, population growth, urbanization, industrialization, and other related land use/ land cover changes on flows of pollutant parameters such as BOD, COD, TN, TP, TSS. As a result process and functions may provide fundamental policy information based on socio-economic and ecological systems and value trade off so as to find out an optimal solution in maximizing social welfare and minimizing the environmental deterioration.
How to Apply an Integrated Approach in Turkish Black Sea Basin
Integrated approach is an conceptual and operational mathematical model which can be applied in Turkish Black Sea Basin from the point of view mentioned in Section 6. To clarify interrelation ship between ecology, economics and policy in the drainage basin, the methodology of the approach should be intended to be an interdisciplinary process of combining systems includes many steps (Figure 3) . This model may be established through the following procedure 1. Ecosystem interactions are complex problems, which can be formulated into a series of much simpler ones. The most important point in developing a mathematical model to find out existing environmental and socio-economic states is to classify and categorize available relevant data and information for each zone related watershed in study area, which is essential for the identification and interpretation of the nature. 2. The method of modeling has to be dynamic so as to find out the chronic change of water quality in a certain period of time such as in a year and next 15 years related to socio economic drivers to figure out a trade off between benefits of improvement of environment and increase in value added so as to maximize social welfare and minimize environmental impacts on water quality. 3. For ecosystem model, water balance for each zone is estimated using flow rate for each river considering principally rainfall, direct discharge from domestic and industrial water, agricultural irrigation, consumption and evaporation. Assessment of pollution generated by each source, or group of similar sources in large and complex study area such as Turkish Black Sea Basin is quite difficult, and costs lots of money and much time to monitoring of waste through sampling and analysis. Therefore, it is estimated, assuming load factors (emission coefficient) for atmospheric deposition and land use/land cover activities such as agriculture, forestry, industry, settlements based on past studies and experiences of the nature 
Conclusion
The water quality of the sea is affected by both the socioeconomic system and the ecosystem structures throughout the drainage basin. The principal pollution sources for the Black Sea are domestic sources (cities, municipalities), industries, agriculture/livestock and fisheries located both in the entire basin and the coastal zone. The total amounts of pollutants are estimated in the Turkish Black Sea Basin flowing into the Black Sea are quite different from the ones estimated in previous studies because in those studies, not all the rivers, which carry the pollution to the Black Sea, were taken into account. It implies that the other riparian countries might have similar differences, which may change the contributions of pollutants among those countries.
In general, it is very difficult to design basin wide approach including all countries in the Black Sea Basin. In addition, a uniform policy for reaching a pollution reduction target is neither economically nor environmentally applicable for the entire basin, since the basin is very wide and the countries have different natural, environmental, socioeconomic and political systems. There fore, it is necessary, first to determine clearly socioeconomic system and ecosystem interactions in each country basin, such as the Turkish Black Sea Basin to be able to formulate an optimal policy in achieving the targets within a certain period of time.
Here, we would emphasize the kind of approach, which should be appropriate for these two systems and how they can be formulated in a mathematical model. We could propose that the model may be developed using an integrated approach, which is an appropriate way of conceptual, operational and dynamic linear modeling in the basin system. Using the model, it would be possible to estimate and simulate various mathematical equations for many cases of policy instruments to reach an applicable, optimum solution set.
Second, after each country has formulated an optimum policy, it is necessary to adopt a policy from the viewpoint of the whole basin of the Black Sea. In doing so, not only economic contracts but also political ones between the related countries must be negotiated according to responsibility of pollution contributions. Such negotiations may need reconsideration of national policies, which of course may require revised policy simulations based on national models.
As further step of this paper, we would develop a mathematical model which will estimate and analyze the origin and behavior of pollutants in the Turkish Black Sea Basin related socio economic forces to improve the water quality in the sea.
